The origin of linear features in mountain terrain that form distinct vertical steps is generally not obvious and has been discussed to be related to either tectonic faulting or gravitational slope deformation. A strong geomorphological lineament running oblique to the slope and forming a convex step in the topography is located on the mountain Middagstinden just west of the valley Innfjorddalen, western Norway. In previous studies this lineament has been interpreted to be the surface expression of a Holocene reverse fault previously called the Berill Fault, indicating the first evidence for neotectonic faulting in southern Norway. Now, detailed structural field mapping has revealed the existence of a set of normal fault planes striking subparallel to this lineament and to the main extensional faults associated with the Caledonian collapse. Electric resistivity tomography (ERT) profiles of the valley floor and excavated parallel trenches confirm the regional extent of the fault, but the sediments observed in the trenches do not indicate any Holocene activity. Furthermore, the lineament is a limiting structure of a large rock-slope instability. Kinematic feasibility tests based on structural field measurements indicate wedge failure along the intersection of the fault and the local foliation. However, this intersection line is not exposed on the slope surface. Hence, simple wedge or translational sliding along the slope is not feasible, except in its uppermost part. Both the displacements observed by differential global navigation satellite system (dGNSS) surveys and the geomorphological characteristics, for instance, counterscarps, superficial mass movements, coherent slide blocks and slope bulging, indicate complex deformation mechanisms. The deformation evidently changed along the slope in type and degree including planar sliding in the uppermost part, potentially large wedge sliding in the middle part, and incremental internal deformation in a direction out of the slope in the lower part. The complex kinematics and geomorphological characteristics account for the definition of a deep-seated gravitational slope deformation (DSGSD). Furthermore, the findings reveal that the geomorphological lineament is of gravitational origin and not neotectonic. It has formed by a reactivation of the pre-existing, Caledonian, normal fault system due to the DSGSD, and is hence an example of pseudotectonics ('apparent reverse fault').
Introduction
Large rock-slope instabilities such as deep-seated gravitational slope deformations (DSGSD) show typical geomorphological features and often complex kinematics and deformation processes (e.g., Dramis & Sorriso-Valvo, 1994; Agliardi et al., 2001) . These phenomena are quite common in mountain ranges throughout the world, especially in areas with high topographic relief composed of anisotropic fractured and tectonised rocks. Mass movements, in general, are influenced and controlled by tectonics and geology (Hutchinson, 1988) and it has been shown that large rock-slope instabilities are generally strongly controlled by pre-existing geological structures, such as, bedding, metamorphic foliation, joint sets of various origin, or tectonic faults (e.g., the abovementioned references on DSGSD; Braathen et al., 2004; Saintot et al., 2011) . Especially major tectonic features could lead to a spatial cluster of rock-slope failures (e.g., Hermanns & Strecker, 1999; Ambrosi & Crosta, 2006) because of tectonic activity and damage (Brideau et al., 2009 ) that could have caused distinct weakness zones or even have triggered the failure. Neotectonic activity and seismicity and active tectonics have been identified and discussed as triggers for rock-slope deformations and failures (e.g., Hermanns et al., 2001; Osmundsen et al., 2009; Penna et al., 2011) . Besides tectonic activity, other processes are suggested to favour or trigger large rockslope failures in (previously) glaciated high mountain areas. These are especially glacial debuttressing (e.g., Evans & Clague, 1994; Cossart et al., 2008) , decay of permafrost (e.g., Fischer et al., 2006; Blikra & Christiansen, 2014) and subsequent progressive failure (e.g., Eberhardt et al., 2004 , Hermanns et al. 2012a .
Detailed integrative site studies (e.g., Welkner et al., 2010; Böhme et al., 2013; Booth et al., 2014) increase our knowledge of the complex processes of rock-slope failures and enable us to link the mechanism and amount of deformation to the geomorphological surface expression. Those studies combine classic geomorphological and geomechanical field mapping with various deformation monitoring techniques (e.g., Oppikofer et al., 2009; Booth et al., 2013; Wolter et al., 2014) . Geophysical investigations provide links to the subsurface (e.g., Ganerød et al., 2008; Willenberg et al., 2008) and numerical modelling allows us to study the pre-and post-failure mechanisms (e.g., Stead et al., 2006; Gischig et al., 2011) . Surface-exposure dating with terrestrial cosmogenic nuclides helps to show the temporal distribution and long-term slide velocities of rock-slope failures (e.g., Hippolyte et al., 2009; Hermanns et al., 2012b Hermanns et al., , 2013 . Nevertheless, geomorphological analysis of the slope is the main key to classifying large gravitational rock-slope deformations and to understand their development, complex processes and morpho-tectonic control. The term DSGSD is generally used to describe large noncatastrophic slope deformations with small displacement rates but large cumulative deformations, irrespective of the presence of a major sliding plane, and show a large variety of deformation mechanisms (e.g., Dramis & Sorriso-Valvo, 1994; Agliardi et al., 2001 Agliardi et al., , 2012 .
Characteristic morphostructures of a DSGSD are a distinct back scarp, double ridges, large slide blocks, tension cracks, counterscarps (i.e., uphill-facing scarps), grabens, collapsed block fields, and irregular slope profiles with, for instance, slope bulging at the toe (e.g., Zischinsky, 1969; Dramis & Sorriso-Valvo, 1994) . The types and distri bution of such morphostructures often distinguish different areas along the slope indicating various types and degrees of deformation and hence supporting the interpretation of complex kinematics. However important these morphostructures are, their origin along slopes in high mountain terrain is often not clearly understood and hence widely discussed. As mentioned by Jomard et al. (2014) , the geomorphological expression of morphostructures of a DSGSD is commonly quite similar to neotectonic features. Especially several kilometre-long linear features that expose either an uphill-or a downhill-facing vertical step along the slope, such as a counterscarp, have been interpreted to be related either to tectonic faulting or to gravitational slope deformation. This has sometimes led to a reinterpretation of these features (Thompson et al., 1997; Hippolyte et al., 2006; Li et al., 2010) because some of them can show characteristic features of both origins (Thompson et al., 1997) . However, various mechanisms, including gravitational deformation, folding and faulting are described by Li et al. (2010) who have also highlighted the influence of mountain topography on kinematics of deformation. Therein, flexural toppling along subvertical bedding planes is suggested to be the primary origin for a swarm of counterscarps, similar to Hippolyte et al. (2006) who additionally considered the gravitational reactivation of inherited fault structures.
A distinct geomorphological lineament has developed on the mountain Middagstinden in western Norway. In previous studies by Anda et al. (2002) and Olesen et al. (2004) it was interpreted to be the surface expression of a Holocene reverse fault, named the Berill Fault, and to be the first evidence of neotectonic activity in southern Norway. Therefore, neotectonic seismicity was suggested to be the triggering factor for the cluster of rock-slope failures in this area . However, more recent regional investigations on neotectonics in Norway have suggested instead a gravitational origin for this lineament (Olesen et al., 2013) , which is also in accordance with field studies on that site by Krieger et al.(2013) . This paper presents the results of detailed integrative site investigations on Middagstinden . The findings exhibit and prove the gravitational origin of the geomorphological lineament and reveal the complex deformation mechanisms of the associated DSGSD. The proposed geological model correlates the mechanisms to the various surface deformation features. The findings will be a useful input for future slope-stability investigations and could improve the interpretation of linear features along slopes in other high-mountain areas.
Regional setting
The study area is located in the upper part of Innfjorddalen valley, western Norway (Fig. 1) . The rock-slope instability is situated on the southern slope of Middagstinden, directly above the artificial Berillvatnet Lake. This area was significantly affected by Pleistocene glaciations with strong erosion and postglacial isostatic uplift (Olesen et al., 2013) , and the crust still shows a current apparent uplift rate of several mm/yr (Dehls et al., 2000) . The valley is a typical U-shaped valley with steep of Innfjorddalen indicate postglacial failure activity (Schleier et al., 2013, submitted) .
Geologically, this area is part of the Western Gneiss Region (WGR) of Norway. The bedrock consists mainly of Proterozoic gneisses which are locally slopes and a high topographic relief, here with elevations ranging from 370 m a.s.l. to 1568 m a.s.l. within a short distance. Large rock-slope failures are common phenomena in this region Saintot et al., 2012; Oppikofer et al., 2015) . The deposits of multiple rock-slope failures that are preserved in the lower part Tveten et al., 1998 covered by oceanic and continental sedimentary rocks. The deformation and metamorphism of the Neo-and Mesoproterozoic rocks took place during the Caledonian orogeny (Nordgulen & Andresen, 2008) . The most prevalent rock types in the WGR are tonalitic and granodioritic gneisses (Hacker et al., 2010) . The exposed bedrock in Innfjorddalen is mainly composed of different types of gneisses ( Fig. 1) (Tveten et al., 1998) . The mountain Middagstinden is mainly composed of undifferentiated, chiefly quartz-dioritic gneisses that show local migmatitic structures. In the uppermost part, there are also quartzitic gneisses that contain sillimanite and partly kyanite. These gneisses have, in general, a welldeveloped foli ation that is commonly involved in rockslope failures as sliding surfaces or other main delimiting structures Saintot et al., 2011) . The region also shows a variety of tectonic structures ( Fig. 1 ) that originate from different tectonic episodes, for instance, the Caledonian orogeny and postCaledonian collapse (Tveten et al., 1998; Gabrielsen et al., 2002) .
Major tectonic lineaments in this area can be related to the principal sinistral shear component along the Møre-Trøndelag Fault Complex (MTFC) with a transtensional strain field that showed activity in Early-Mid Devonian time (Osmundsen et al., 2006) . Movements along the associated strike-slip zones with SW extensional shearing led to the exhumation of the basement of the WGR. Correlation of onshore and offshore data shows a diagnostic pattern that confirms this tectonic setting with the MTFC as a major fault and exhibits its importance in the geological development of Mid Norway (Nasuti et al., 2012) . These data further exhibit the tendency for crustal movement of the Norwegian margin to show uplift to the east and corresponding downstep to the west (Redfield et al., 2005a) . Following Olsen et al. (2007) , the major faults related to the MTFC strike approximately NE-SW and were affected by multiphase reactivation during the Phanerozoic. They further mention three main sets of smaller faults that strike E-W, N-S and NW-SE, with the N-S and NW-SE faults probably relating to Cale donian extension by differential sinistral movement. Further more, Redfield et al. (2005b) proposed that normal reactiv ation of the MTFC contributed to the latest Cretaceous-Cenozoic uplift of western Norway and suggested a vertical crustal uplift in the order of 2-3 km.
Materials and Methods

Field investigations and used data
Detailed geomorphological and structural field mapping was carried out at the unstable rock slope of Middagstinden to characterise the different areas within the slope and to identify geomorphological features and tectonic structures that delimit the rock-slope instability.
Field mapping was supported and improved by remote sensing data such as orthophotos with a grid size of 0.5 m × 0.5 m and an airborne laser scanning (ALS) derived digital elevation model (DEM) with a grid size of 2 m × 2 m. Orthophotos and especially the DEM derivatives such as hillshade and slope angle enable a better overview over the whole site, and provide an improved identification of prominent geomorphological structures throughout the instability.
Structural measurements and kinematic analyses
Detailed structural field mapping was performed at 35 locations over the entire study area. In total, 1126 measure ments were taken by compass to determine the orientation of discontinuity surfaces. Spacing, persistence and roughness of discontinuities were also recorded at these locations following the classifications of ISRM (1981) as presented in Wyllie & Mah (2004) . Additionally, structural data were collected by a terrestrial laser scanning survey (Krieger et al., 2013) .
Structural datasets were analysed using the software Dips (Rocscience, 2015) . Cluster analysis was conducted to determine mean orientations and 1 σ variability of the main discontinuity sets. Additionally, field measurements were grouped into 12 representative morphological areas within the slope, such as coherent rock blocks, to determine the mean orientations of discontinuity sets. Results were plotted in equal-area, lowerhemisphere stereonets, and depicted as great circles, pole points and 1 σ variability cones. Values are presented with dip direction/dip angle.
Furthermore, kinematic feasibility tests for planar, wedge and toppling failures (Wyllie & Mah, 2004) were carried out based on the field measurements. For analyses, the slightly changing topography along the slope has to be taken into consideration. Surface analyses of the DEM show that the slope angle is rather constant with a mean value of 35°, but the slope aspect changes from the eastern (~151°) to the western (~182°) part of the slope. Therefore, a mean slope orientation of 175°/40° was used. A friction angle of 20° along discontinuity surfaces and lateral limits of 30° were applied for kinematic analyses to obtain conservative results. These values are in accordance with recommendations on the hazard and risk classification of large unstable rock slopes in Norway by Hermanns et al. (2012a) , and account for the complex structures of large rock-slope failures and the variability in slope orientation.
Displacement measurements
Displacements within the rock-slope instability have been measured periodically using the differential global navigation satellite system (dGNSS) technique. The monitoring network consists of one fixed point in a stable part above the main scarp and four rover points that and amount of deformation (Fig. 2) . All of the described areas that show deformation are located to the northwest of and above the distinct geomorphological lineament of the Berill Fault. The areas can be roughly grouped and distinguished as the northeastern instability (1 to 4), the main instability (5 to 10) and the small separate western instability (11).
Northeastern instability (1 to 4) Top of Middagstinden (1 and 2): The large niche (1) is limited at the back by a steep and high rock face. Small failures such as rock fall are likely for this fractured steep rock slope. Area (2) is covered by debris and talus material and shows moraine deposits indicating the existence of a previous cirque glacier that could have formed the niche.
Upper northeastern part (3):
The niche of area 1 is limit ed towards the northeast by fractured bedrock material of area 3 that shows a relatively steep slope topography. Below a main scarp that delimits this area to the top, there is a set of subparallel distinct counterscarps. Both of those structures are subparallel to the observed foli ation.
Lower northeastern part (4):
This area is covered by surficial sediment deposits and shows counterscarps that strike NE-SW parallel to the counterscarps and the main scarp of the main instability (areas 5 to 10) (Figs. 3 & 4B, F) . Furthermore, lateral moraine deposits that are associated to the Younger Dryas cirque glacier are preserved and active avalanche tracks and associated debris cones were identified. The counterscarps are around 3 m deep. They partly deform the surficial deposits (including the lateral moraines) and are partly filled by colluvium (e.g., avalanche debris) (Fig. 4D ). This morphological area is clearly limited toward southeast by a prominent geo morphological lineament formed by the Berill Fault . This lineament strikes SSW-NNE with a 30° oblique angle to the SE-facing slope and can be traced as a 3-4 m high convex morphological step in the topography. The lineament is around 1.4 km in length but disappears in the valley bottom (Fig. 2) .
Main instability (5 to 10) Several subareas are distinguished within the main rockslope instability (Figs. 2 & 3) . Besides the morphological areas, rather coherent blocks of bedrock were identified within the instability showing different styles and degrees of deformation.
Main scarp and sliding surface (5): The back-bounding limit of the main instability is formed by its main scarp (Fig. 3 ). The exposed sliding surface is represented mainly by the foliation and subparallel surfaces (Fig. 4B,  C) . Scarp offset was measured based on DEM and orthophoto inspections. The mean horizontal length of the exposed sliding surface is approximately 50 m showing are installed within the instability. This setup enables us to derive a vector network indicating the relative point movement. On Middagstinden, annual measurements were conducted between 2008 and 2015, except in 2012 and 2014 . Measurements provide 2D horizontal and vertical displacements relative to the first measurement. Average uncertainties on individual measurements range from 1.9-2.2 mm in the horizontal direction and 2.9-3.3 mm in the vertical direction. By regression analyses of the measured displacements against time, the average displacement rate (mm/yr) and displacement direction (trend/plunge) can be determined. Using this regression analysis reduces the uncertainties on the yearly displacement rates to 0.2-0.3 mm/year horizontally and 0.5-0.7 mm/year vertically. A displacement is considered to be significant when it is larger than these uncertainties and if it follows a coherent trend over several measurements (Böhme et al., 2012) .
Geophysical investigations
The geoelectric resistivity tomography (ERT) technique was applied to investigate the subsurface of the geomorphological lineament to detect the continuation and orientation of the proposed fault structure. Three 2D geoelectric resistivity profiles were measured at the lower slope and the valley bottom using the Lund system (Dahlin, 1993), a multi-gradient electrode configuration and an ABEM SAS Terrameter 4000 (ABEM, 1999) instrumentation. Electrode separation was set at 2 m in profile 1, 2.5 m in profile 2 and 1 m in profile 3 giving a penetration depth of 25 m and 60 m, respectively. This method is proven to be a powerful tool for mapping drift deposits and fracture zones in bedrock (Solberg et al., 2008; Røn-ning et al., 2009 Røn-ning et al., , 2014 . In addition, two trenches were opened down to glacial deposits or bedrock on the valley bottom where the geoelectric profile P3 suggests the position of the fault, to study the deformation of soft sediments.
Results
Preliminary results according to the rock-slope instability at Middagstinden have already been described and discussed in Krieger et al. (2013) . However, these data and the interpretation were improved by detailed structural cluster analyses, further analyses and interpretations of orthophotos and DEMs, additional dGNSS displacement measurements, as well as a new geological model of the instability.
Geomorphology and morphostructures
Several main areas (numbered 1 to 11 in Fig. 2A ) can be distinguished within the rock-slope instability and are characterised by different morphologies and by the types smaller values at its southwestern limit. The mean height of the scarp is around 60 m, resulting in a total offset of around 80 m.
Upper eastern part (6):
This area is composed of several rather coherent slide blocks that cover an area of around 130000 m 2 (Fig. 3) . The rocks are fractured (Fig. 4B , D) and the slide blocks are mainly delimited by the major joint sets and lack surficial sediment cover. Small-scale rock-fall activity is evident at the lateral and frontal margins where large blockfields have developed with blocks up to several metres in size. This area shows the lowest amount of internal rock deformation throughout the instability.
Lower eastern part (7):
The main morphological character istic of this area is the prominent array of counter scarps formed by fractured bedrock (Fig. 4D, F) . Their occurrence delimits this area from area 6. These linear features strike mainly NE-SW which is subparallel to the counterscarps in area 4 and furthermore subparallel to the foliation (Fig. 3) . Morphologically, these counter scarps are graben-like structures that are up to 20 m deep and 10-50 m wide. High rock-fall activity is present at the associated rock faces. Hence, the scarps are filled with metre-size blocks that masks their real depth. This area can be divided into two subareas; an area of upper counterscarps (7a) and one of lower counter scarps (7b), respectively (Fig. 3) . Counterscarps are more frequent in the upper subarea 7a. Here, six large counter scarps were mapped within a horizontal distance of 125 m that are tens of metres deep and between 100 and 400 m long. In contrast, area 7b shows only two large counter scarps within a horizontal distance of 150 m that are also tens of metres deep but range in length from 350 m to 550 m. In this lower subarea 7b, two rather coherent slide blocks can also be identified. One of these blocks marks the lowermost limit of the lower eastern part. Area 7 shows a greater degree of internal rock deformation than area 6. Bulging of the slope, that is, a slightly convex slope profile, is a characteristic feature of the topography in this lower area of the slope.
Upper western part (8):
This area is limited by the main scarp and the lateral limit of the coherent slide blocks of area 6. The upper part, directly below the exposed sliding
Figure 4. Photographs and oblique view of Middagstinden, showing geomorphological characteristics of the rock-slope instability (red linemain scarp and scarp, red dashed line and blue arrow -trace of the fault, black dashed line -delimitation of rock-slope instabilities, orange line -delimitations within the instabilities, orange arrows -counterscarps, green arrows -coherent slide blocks, black arrows -moraine ridges, black dashed arrow -avalanche track). For scale and areas within the instability, refer to Figs. 2 and 3. (A) Overview from the valley bottom; the labels mark elevations in m a.s.l. (B) Upper part of the main instability. (C) Main sliding plane subparallel to the foliation; the location is marked in subfigure (B). (D) Eastern part of the main instability. (E) Western part of the main instability. (F) Oblique 3D view of the hillshade. The marked trace of the fault forms a 4 m convex topographic step running oblique to the slope.
Structural analyses
Four main discontinuity sets that are developed throughout the whole slope were identified by structural field measurements (Table 1) . The observed main discontinuities are the metamorphic foliation (JS), a fault set (JF) and two major joint sets (J1, J2). An additional minor joint set and another randomly varying joint set (J3) are found in some of the areas. 1 σ variability of mean orientations is generally between 16 and 20° (Table 1) . With reference to the geomorphological areas within the main instability (Fig. 3) , variations of the mean orientations and 1 σ variabilities are identified for the representative areas A to K (Fig. 5) .
Foliation (JS)
The mean orientation of the foliation (JS) is 158°/49° ± 17°, and varies over the whole area of the main instability. Within areas 6 and 8, the foliation forms distinct smooth and planar-undulating discontinuity surfaces with high persistence, close to moderate spacing and little variability in orientation. The foliation forms prominent structures, both the main scarp and the counterscarp that limits area 6. In area 5, groove marks with a trend/plunge of 138°/42° ± 16° are found on the exposed sliding surface that is formed by the foliation. However, the foliation shows higher variability in orientation, higher spacing and smaller persistence within the lower parts of the instability, especially in the area 7 with the counterscarps. Over the slope, the dip direction varies between SW and SSW with dip angle between 40-90° (Fig. 5) , which is due to folding in cm-but also m-scale.
Fault set (JF)
A mean orientation of 271°/43° ± 16° was determined for the main joint set (JF). This discontinuity set shows high, and in part even very high persistence and the spacing varies very much depending on the area. In some places the outcrops recur on the surface at metre scale, whilst in other parts of the area they are absent. In the area of counterscarps (7), the JF dips at about 16° shallower than farther up the slope. Generally, the roughness can be described as slickensided planar. The surfaces of this discontinuity set show a strong lineation with trend/plunge of 245°/31° ± 11°, and a distinct quartz-feldspar remineralisation with frequent break-offs that indicate a normal fault movement at depth (Fig. 6A ). These lineations do not occur continuously on all surfaces of the JF fault set and the planes are partly undulating with varying orientations (Fig. 5 ). The mean orientation shows that the fault set strikes up to 20° oblique to the observed SSW-NNE-striking geomorphological lineament.
Joint sets (J1, J2 and J3) Two prominent major joint sets (J1, J2) are developed throughout the slope. Both dip steeply with mean orientations of 309°/77° ± 16° and 039°/84° ± 20°, respectively. Additionally, a rather variable joint set (J3) showing a mean orientation of around 019°/45° ± 15° can be found surface, is characterised by a shallow cover of talus. One distinct coherent slide block with defined lateral limits is located in the centre of this area (Fig. 3) . This block is composed of fractured bedrock, similar to the blocks in area 6. The open cleft between this block and the blocks of area 6 indicates a slight counterclockwise rotation compared to area 6 (Fig. 4B, E, F) . Besides this large slide block, many single and highly fractured bedrock outcrops, that are small slide blocks, are found randomly distributed within this area, especially at the western and frontal limit. Small-scale rock fall occurs at the margins of these blocks. These slide blocks are surrounded by large blockfields of fractured and collapsed slide blocks that are composed of metre-size angular boulders. The lack of repositioning structures and highly fractured bedrock outcrops within the deposits suggest in situ fragmentation rather than just rock-fall activity. This area shows the highest degree of internal rock deformation throughout the instability.
Lower western part (9):
This area is mainly characterised by large blockfields with metre-size boulders of fractured and collapsed slide blocks that show local re positioning structures (Figs. 3 & 4A) . Besides that, areas lacking large boulders but with talus of fractured slide blocks were also identified. In some areas of the loose rock deposits with smaller boulders and an increased amount of soil, surficial mass movements, such as shallow debris flows, also occur. Bedrock outcrops can be found in only a few locations within the blockfields, and are highly fractured and weathered. An accumulation of such outcrops embedded in large blockfields is observed at the transition to area 8. Together with the upper part, this area shows the greatest degree of rock deformation and fragmentation within the instability.
Lowermost part (10):
The area that forms the lower limit of the main instability is characterised by talus material with mainly metre-size boulders of the fractured and partly collapsed slide blocks. This material could be mixed up with previous pre-failure talus slope material. No large rock outcrops or large slide blocks are found within this area. However, the deposits show lobate deformation structures (Fig. 4A, E, F) , such as compression ridges, at the lowermost margin of the instability.
Western instability (11)
The western instability (area 11) is a small, separate rock-slope instability located west of the main instability (Figs. 3 & 4A, E, F) . This rather coherent slide block shows less distinct fractures at the surface and is delimited by a NW-SE-striking back scarp. This scarp is about 5-10 m wide and from several metres up to tens of metres deep. Krieger et al., 2013) . The values are the mean orientation ± 1 σ variability derived by cluster analyses of TLS-derived pole vector selections (n = 22124) and structural field measurements (n = 1126 planes), respectively. Discontinuity characteristics as observed in the field are expressed qualitatively with reference to the classification of Wyllie & Mah (2004) 
Kinematic analyses
Kinematic analyses conducted with the mean orientations of discontinuity sets for the whole slope show that various types of failure are kinematically feasible (Fig.  7) . A wedge failure is highly feasible as discontinuity sets show various intersections that fall within the wedge failure envelope. The critical intersections are JS∩JF and JS∩J1 for the mean slope orientation of 175°/40°. In the case of the slightly steeper slope angle (~50°), intersection JF∩J1 is also critical. Wedge failure is feasible for the mean slope orientation but also for the changing aspects along the slope that are ranging from SE in eastern areas to S in the western part. Toppling failure would be kinematically feasible along joint set J1 when the slope aspect is more to the southeast. Planar failure along JS is kinein some areas but is more common in the upper middle part of the slope (areas B, D, E and F1). J1 and J2 show wide to very wide spacing with high persistence, and if detectable, J3 shows wide to extremely wide spacing with very low to medium persistence. The surface roughness of the joint sets J1 and J2 can be described as generally rough, planar and in places undulating, whereas that of J3 generally varies between smooth and rough, undulating. At the main scarp, these joint sets do not occur as frequently as in the deforming parts, and their persistence is much lower. Most of the prominent structures, such as large fractures, cracks, linear features or slide block delimitations are controlled by J1 and J2. For instance, the counterscarps are mainly defined by the J1 set, and slide block D is delimited from block E by J2. matically feasible for the observed slope orientations when using a slope angle of 50°.
A schematic geological model for the DSGSD was established based on the geomorphological and structural findings (Fig. 8 ). This 2D model is based on a topographic profile that is drawn in the direction of the movement (Fig. 3) , and shows the apparent dip of JS and JF in the profile direction. The intersection line between these two discontinuity surfaces is critical according to the kinematic analyses (trend/plunge of 218°/29°). However, this intersection line is not exposed on the slope but lies below the valley bottom.
dGNSS displacement measurements
The displacement measurements using periodic dGNSS surveys reveal that all rover points (BER-1, BER-2, BER-3 and BER-4) show significant displacements in the horizontal direction, ranging between 4.0 and 13.2 mm/yr with an error of 0.2-0.3 mm/yr (Table 2 ). All rover points are also significant in the vertical direction, ranging from -2.7 to -17.4 mm/yr with an error of 0.5-0.7 mm/yr. The negative displacements indicate downward-directed movement. The resulting 3D displacements range between 4.8 and 21.9 mm/yr with an error of around 0.4-0.5 mm/ yr. The highest 3D displacement rates were determined for BER-4 (21.9 ± 0.4 mm/yr), located on the small, western instability. It shows a downward S-directed movement towards 178°/53° (trend/plunge; Fig. 9 ). All of the other rover points (BER-1, BER-2 and BER-3) located on the main instability also show movement to the south, but with varying displacement rates and plunge angles. BER-1 located in area 7a moves with 8.1 ± 0.5 mm/yr towards 182°/42° (Fig. 9) , while BER-2 in area 7b moves slower and with a shallower plunge angle (4.8 ± 0.5 mm/ yr towards 189°/32°; Fig. 9 ). BER-3 located in area 8 (8.0 ± 0.5 mm/yr towards 186°/37°) has a similar velocity and direction as BER-1 (Fig. 9 ). These dGNSS measurements indicate a coherent movement of the upper part of the main instability with approximately ~8 mm/yr towards the south with plunge angles of around 37-42°, while the lower part moves more slowly and is less steep (~5 mm/yr towards the south with plunge angles of 32°). This suggests a change in deformation mechanism between the different areas, more precisely between the subareas 7a and 7b. This change will be further explored in section 5.1.
Geoelectric resistivity tomography
All three geoelectric resistivity profiles generally show a low resistivity on the surface (<600 Ωm) and higher resistivity (>3000 Ωm) at a few metres depth, probably due to water-saturated sediments, such as peat or fractured rock, or generally bedrock, respectively (Fig. 10) . In addition, in all profiles a pronounced zone of low resistivity (<1000 Ωm) around 10-30 m wide is determined that separates areas of higher resistivity (>2000 Ωm) and that can be traced at depth. The structure is especially well pronounced within profile P1. Here, a c. 10 m-wide
Figure 7. Schmidt net plot of main discontinuity sets on Middagstinden. The discontinuities are the foliation (JS), the fault (JF), and two major (J1 and J2) and one random (J3) joint set (see Table 1). The values are derived by cluster analysis of the structural field measurements conducted for the whole slope. The figure shows failure envelopes of kinematic feasibility tests using the mean orientations and a lateral limit of 30°. The black dashed line marks the slope, and the black rectangles show the orientations of the dGNSS displacement vectors.
tivity profiles will be further explored in section 5.2.2.
The two trenches that run parallel to the geoelectric profiles and cross the position of the fault in this profile were dug down to reach glacial deposits or the bedrock. In both trenches, no deformation structures were detected within the soft sediments (Fig. 11 ).
low-resistivity zone can be traced at depth that could be linked to the proposed dip direction of the fault. In addition, a second but less pronounced zone of lower resistivity runs parallel to this structure. Within P2 this lowresistivity zone is wider but is narrowing at depth. Furthermore, P3 exhibits a widening of the low-resistivity zone at depth. These differences in the geoelectric resis- Fig. 3) . The measurements are summarised in Table 2 . 
Figure 8. Schematic profile of the rock-slope instability at Middagstinden. The profile trend is parallel to the main movement direction (N−S); for location, refer to Fig. 3. The figures represent the current topography, the apparent dip of the two main limiting discontinuity sets (JS and JF), and their apparent intersection line. (A) Profile along the whole slope, running from the uppermost scarp to the valley bottom. The black rectangle delimits the area of subfigure (B). (B) Closer view of the lower slope section, drawn with a vertical exaggeration of 1.5. (C) Oblique 3D view of the slope, additionally indicating the trace of the profile, running N−S (black line).
Figure 9. Regression plots of the observed dGNSS displacements on Middagstinden. (A) trend and (B) plunge of the 3D movement vectors of the different rover points (BER-1, BER-2, BER-3 and BER-4, for their locations, refer to
Discussion
Characteristics of the rock-slope instability
Kinematic model
The detailed structural analyses and kinematic feasibility tests led to improved interpretation of the kinematics of the rock-slope instability that differs from the initial model presented by Krieger et al. (2013) . Field investigations and structural measurements reveal that the main sliding surface is represented by JS (~158°/49°) (Figs. 3 & 4B, C) . Simple kinematic feasibility tests suggest wedge failure along the intersection line formed by JS and JF (~218°/29°) as the possible failure mechanism (Fig. 7) . Planar sliding along JS is possible locally, where the slope angle is >50°. Because of the variability of the discontinuities, other deformation styles could also have developed along the slope in various sectors. Slight changes in slope aspect do not have any significant influence on the kinematic feasibility tests. However, those feasibility tests can only provide indications (Wyllie & Mah, 2004) , because the tests are generally applicable for simple geometrical settings, such as roadcuts or mines, and for small instabilities, but are often not sufficient to explain complex slope deformations.
For the Middagstinden DSGSD, this is illustrated by the proposed wedge failure mechanism along JS∩JF: this is not a viable mechanism for the entire rock-slope instability because the intersection between the planes passing through the back-scarp (parallel to JS) and the Berill Fault (parallel to JF) is not exposed on the slope (Fig. 8C) . Therefore, other more complex deform ation mecha nisms are necessary to explain the observed deform ation and the geomorphological characteristics of the Middagstinden DSGSD. The kinematics and slope de formation are assumed to be controlled by three main interacting processes that are variable in type and degree.
(1) Planar sliding of rather coherent slide blocks along JS towards SSE controls the uppermost part of the slope (areas 6 and 8). This movement is needed to accommodate the ~80 m displacement of the rear sliding block. It is also supported by the observed groove marks (~138°/42°) on the exposed sliding plane. Therefore, this movement is 45° oblique to the general movement that is directed towards the south (~183°) as indicated by the dGNSS measurements (Figs. 3 & 9; Table 2 ). However, groove marks could also be formed by small-scale slide activity and should thus be interpreted with caution.
(2) Large wedge failure along JS∩JF controls the middle part of the slope (mainly areas 4 and middle parts of 6 and 7). Movement along this intersection line is supported by the dGNSS measurements as rover points BER-1 and BER-3 show significant 3D displacements down towards the south (Figs. 3 & 9; Table 2 ). Furthermore, the variability of structural data (Fig. 5) indicates that the wedge intersection JS∩JF is steeper in the upper part thus supporting downward sliding, and is less steep in the lower part. This agrees with the intersection of 201°/21° presented in Krieger et al. (2013) that was measured in the field at a small-scale example located in the lower eastern part (area 7b; Figs. 3 & 6) .
(3) Incremental internal deformation controls the lower part of the slope (areas 7, 9 and 10). As the intersection line JS∩JF is not actually exposed on the slope but lies below the valley bottom, the associated sliding is blocked (Fig. 8) . This causes deep-seated, internal deformation of Gravitational flexural toppling has been suggested by several authors to account for the origin of counterscarps (Hippolyte et al., 2006; Reitner & Linner, 2009; Li et al., 2010) . Li et al. (2010) also suggested that this flexural toppling could contribute to the development of a basal sliding surface or sliding zone in complex largescale slope deformation. However, those examples of large-scale flexural toppling are limited to sedimentary rocks or well-foliated metamorphic rocks with penetrative, subvertical bedding or foliation structures. Based on the interpretation of the kinematic feasibility tests, flexural toppling towards the southeast along the joint set J1 could be suggested as the cause of the counterscarps on Middagstinden. However, the well-developed foliation (JS) that intersects with J1 likely impedes the development of large flexural toppling, although incremental deformation between blocks could be possible. Therefore, we consider that the complex deformation mechanisms, with sliding in the upper slope sections and hindered movement in the lower parts, together with the irregular basal sliding planes, are most likely to have caused the development of the grabens and counterscarps on this slope.
Spreading of fractures due to tensional stresses and brittle failure during block sliding and subsequent erosion of the uphill side can cause counterscarps even in the case of a shallow-dipping sliding plane (Gutiérrez-Santolalla et al., 2005; Li et al., 2010) . Moreover, at the transition where the dip of the sliding surface becomes steeper, higher tensional stresses increase brittle failure and rock fragmentation along pre-existing structures, similar to the proposal by Li et al. (2010) for bending moment faults caused by folding at the hinge of an anticline. Preexisting structures, such as here JS and J1, will favour those processes. A steeper sliding surface could further cause acceleration of the sliding block leading to differential movements between the main blocks and different amounts of deformation throughout the rock slope. Sliding surfaces with a succession of flat and ramp areas are proposed for listric-style complex fields that are typical features of large-scale slope deformations in Norway . With the varying and partly folded foliation (JS) forming the main sliding surface (Fig. 5) this mechanism is feasible for this site. Moreover, high internal stresses caused by obstructed slope deformation in the lower part of the slope and pushing blocks from behind (area 6) could encourage the formation of counterscarps by stress release due to a kind of 'normal faulting' (Li et al., 2010) along J1.
Within the subarea 7b these features are also more distinct, deeper and longer than in 7a (Figs. 3 & 4D, F) . They seem to be slightly stretched and tilted, which can be explained by larger displacements and tensional stress. This would be likely in the case of hindered sliding. The associated southward movement with a smaller downward component further causes the slope bulging in the lower slope section (Fig. 8) due to sliding or toppling out.
the rock mass that is not concentrated on a distinct failure surface, but is taken up by multiple structures. This agrees with the S-directed slower displacement rates and shallower plunge angle of rover point BER-2 compared to the other rover points, and with the slope bulging in the lower section of the slope.
The component of large wedge failure (main process 2) could, however, be overestimated. Therefore, an alternative model is interpreted as follows. The whole instability could simply be a two-stage process with planar sliding in the back in areas 6 and 8 (see main process 1) followed by internal deformation of the rock mass that hinders the sliding, thus creating counterscarps and bulging of the toe in areas 7 and 10. This model accounts for the displacement of the rear sliding block and could also explain the decrease in plunge angle observed in the dGNSS measurements. In this case, JF is therefore mainly used to delimit small blocks, as also do J1, J2 and J3, which allows incremental internal deformation of the instability. The Berill Fault might still be the lower boundary of the instability by forming a clear weakness zone as indicated by the geoelectric profiles (Fig. 10) .
Morphological features and deformation mechanisms
The slope morphology of the rock-slope instability shows typical geomorphological features such as counterscarps, grabens, tension cracks and an irregular slope profile including slope bulging. These features together with the size of the instability, the complex kinematics and the relatively slow deformation rate account for the definition of a DSGSD following the classification of Dramis & Sorriso-Valvo (1994) and Agliardi et al. (2001 Agliardi et al. ( , 2012 . For this classification, the surface deformation features provide the most important diagnostic characteristics. Furthermore, these features can be linked to the complex deformation mechanisms.
The areas 5 to 10 are interpreted to be subareas within the main rock-slope instability (Fig 3) . Area 6 is composed of several coherent slide blocks that are delimited by J1 at the front and by J2 at its lateral limits. Block movement is generally by sliding along JS towards southsoutheast, more or less subparallel to the slope aspect as indicated by groove marks on the sliding plane. This sliding causes compressive stresses in the lower areas, especially in area 7. A distinct geomorphological characteristic of area 7 is the prominent array of subparallel counterscarps and the bulging of the slope. Counterscarps are linear morpho logical features that are typical for DSGSDs (e.g., Agliardi et al., 2001 ) but which could also be of tectonic origin (e.g., Hippolyte et al., 2006; Li et al., 2010) . For the counterscarps on Middagstinden, a gravitational origin is assumed as they occur in an array parallel to the contours which is a diagnostic feature following Hippolyte et al. (2006) and Li et al. (2010) . However, what are the actual processes dealing to the formation of counterscarps?
Incremental internal deformation taken up by multiple structures in the subsurface, variably due to JF, J1, J2 and J3, is assumed, which further explains why no distinct failure surface is exposed on the slope.
Within area 7, the 3D movement vectors of BER-1 and BER-2 indicate an average S-directed block movement with different rates and plunge angles ( Fig. 3 ; Table 2 ). The limited horizontal movement agrees with the hindered sliding and toppling out of the lower slope. The survey points are installed on top of rock faces of the counterscarps. The counterscarps indicate fracture along J1 and sliding and toppling towards southeast. However, the combination of this toppling with the SSW-directed wedge sliding along the intersection JS∩JF could explain the recorded S-directed movement.
The coherent block in the upper western part (area 8) is separated from area 6 by J2 (Fig. 3 ). BER-3 shows movement rather towards the south (Table 2) As area 9 is mainly composed of large blockfields, no dGNSS rover point could be installed due to a lack of either coherent blocks or unfractured outcrops. Although a few outcrops exist, these are highly fractured with widely opened discontinuities. The large blockfields are interpreted to be deposits of fractured and collapsed slide blocks. High compressive stresses induced by sliding of the coherent slide blocks (areas 8 and 6) pushing on this part of the slope would also explain the highest amount of deformation and fragmentation along the slope found within this area.
Areas 1 to 4 lie outside of the main rock-slope instability (Fig. 2) . Area 4 is covered by surficial glacial and colluvial deposits. and because of the lack of bedrock outcrops it was neither possible to collect structural data nor to install dGNSS rover points. However, this part of the slope could follow a deformation mechanism similar to area 7 of the main instability, as it also shows counterscarps that strike subparallel to those in area 7. As they are much smaller and less deep (up to 3 m deep and several metres wide in area 4 and up to 20 m deep and tens of metres wide in area 7), the amount of tensional stress and deformation is assumed to be much less. Here, a large displacement towards south or southwest is either hindered by the slope orientation or stopped by the large unstable rock masses. This is in accordance with Li et al. (2010) who proposed a strong influence of the mountain morphology on stress orientations and kinematics of gravitational deformations. Nevertheless, new satellite-based DInSAR (Differential Interferometry Synthetic Aperture Radar) data using RADASAT-2 images indicate deformation of the whole slope with a similar rate of several mm/yr (J. Dehls, NGU, pers. comm. 2015) . This indicates that stresses are taken up either in the subsurface or within the lower part of the slope. Therefore, the distinct geomorphological lineament that has formed along the lower margin of area 4 is considered to be associated with the complex deformation mechanisms and its origin will be explored in the following sections.
Long-term displacements
The observed displacements are based on periodic dGNSS measurements conducted at single rover points along the surface that also could move independently. Uncertainties due to the influence of superficial movements were strongly reduced or even eliminated by careful choice of the point locations prior to the installation. Therefore, those measurements can provide good indications of the type and amount of slope deformation.
To overcome the issues and uncertainties due to point measurements, other area-based monitoring techniques, such as multitemporal terrestrial laser scanning surveys or DInSAR data, can be applied in the future to study the displacements over wider areas or even the whole slope. Oppikofer et al. (2009) have shown, for example, that overall slope displacements and internal slide block rotations can improve our understanding of the complex rock-slope deformation.
Furthermore, the study of long-term displacements will help to understand the failure mechanisms and slope deformation in geological time. The main sliding plane (area 5) is represented by JS (Figs. 3 & 4 ) and the exposed mean 3D displacement is around 80 m. By assuming continuous activity since the end of Younger Dryas (YD, approx. 11500 yr), this displacement indicates an average Holocene movement rate of 6.8 mm/yr, which is within the range of the measured dGNSS displacements. This assumption is plausible as Middagstinden was out of the ice at around 14000 yr ago (Hughes et al., 2015) , which also fits our dating of rock-avalanche deposits in the lower valley (Schleier et al., submitted) . However, those average velocities provide only rough indications. More detailed investigations, such as surface-exposure dating of the sliding surface using, for instance, the terrestrial cosmogenic nuclide 10 Be (Hermanns et al., 2012b) , would be necessary in order to increase our understanding of long-term displacement rates. The displacement rates measured for the western instability (BER-4: 21.9 mm/ yr) are much higher than in the main instability. Assuming a constant velocity over time would give an onset of movements at this instability approximately 230 to 460 years ago (for an opening of the back-scarp by 5-10 m).
Origin of the fault set and the geomorphological lineament
The fault set -a post-Caledonian structure The fault set (JF) is found over the whole rock-slope instability showing a mean orientation of ~271°/43° with just slight variability ( Table 1) . The JF strikes subparal-With the new knowledge of the orientation of JF, it is now even possible to trace the lineament farther on the opposite valley slope (Fig. 2) . However, the trenches opened along the resistivity profiles exhibit no soft-sediment deformation features within the glacial deposits that could indicate seismic activity (Figs. 3 & 11) . Thus, although this fault set was active during the postCaledonian collapse, no neotectonic reactivation has occurred along the slope. Therefore, the so-called Berill Fault can no longer be considered as the first evidence of neotectonic activity in southern Norway as proposed by Anda et al. (2002) . This also agrees with the regional investigations by Olesen et al. (2013) who meanwhile had removed this reverse fault from their list of "almost certainly neotectonics" and inferred instead a gravitational origin. Since Anda et al. (2002) and Blikra et al. (2002) suggested neotectonic seismicity and associated earthquakes as the main cause of the cluster of large rockslope failures in this region based on the previous interpretation, now the triggering factors need to be reinvestigated.
The geomorphological lineamentan 'apparent reverse fault' The new findings on the origin of the JF fault set together with detailed investigations of the neighbouring DSGSD enable a reinterpretation of the origin of the geomorphological lineament. In general, linear features along a slope, such as the observed lineament, could be related either to tectonic or to gravitational processes whereby length and linearity could indicate a tectonic origin (Thompson et al., 1997) . With reference to this work, the observed lineament is considered to be rather of gravitational origin, because it is relatively short and no similar offset has been found in other stable parts of the mountain (Fig. 2) . A gravitational model is further supported by the fact that no deformation structures are found in lower parts of the slope or down on the valley floor, neither in topography (Fig. 4F ) nor in the trenches (Fig. 11) , which is similar to the study of Hippolyte et al. (2006) . The counterscarps in area 4 on the slope above this lineament (Figs. 3 & 4B ) also suggest a gravitational origin because of the typical characteristic features proposed by Hippolyte et al. (2006) and Li et al. (2010) , i.e., swarms of relatively short, mainly uphill-facing scarps that cut scree deposits and occur largely parallel to the ridge crest and the contours.
Moreover, the proposed kinematic model of the DSGSD can explain the origin of the distinct geomorphological lineament. The large wedge failure (trend 218°) causes movement out of the slope in a direction 43° oblique to the mean slope aspect (175°) (Figs. 7 & 8) . This movement, in combination with the sliding component along JS and the proposed low friction along JF (e.g., slickensided, planar and subhorizontal apparent dip in the direction of movement), produces a surficial positive offset (Figs. 6B & 8) . This offset appears similar to an apparent thrusting lel to the major SSW-NNE-trending tectonic faults in western Norway described by Olsen et al. (2007) to be related to the MTFC (Fig. 1) . Significant quartz-feldspar remineralisation and the distinct quartz-feldspar lineation indicate that tectonic fault activity occurred at great depth prior to exhumation. The frequent break-offs indicate a down-dip displacement of the hanging-wall block and therefore a normal-fault movement (Fig. 6A) . The mean orientation of the mineral lineation with a trend/ plunge of ~245°/31°, and consequently indicating the direction of fault movement, is subparallel to the direction of the post-Caledonian collapse with SW extensional shearing along the MTFC (Redfield et al., 2005a; Osmundsen et al., 2006) . Fault activity at great depth is in accordance with Redfield et al. (2005b) who proposed normal activity of the MTFC at depth and a crustal uplift in the order of 2-3 km. However, the lineation does not occur continuously on all surfaces of the JFand the planes show varying orientations throughout the slope and are partly undulating (Fig. 5) . Therefore, we interpretthe JF to have followed a pre-existing discontinuity, which was a preconditioned zone of weakness in the course of faulting during the post-Caledonian collapse and that the extensional activity took place in this tectonic phase.
The geomorphological lineamentnot a neotectonic reverse fault The distinct geomorphological lineament (Figs. 3 & 4) was previously interpreted as the surface expression of a neotectonic reverse fault, named the Berill Fault . Field observations in this study and the geological model of the Middagstinden DSGSD have led to a reinterpretation of the origin of this lineament. Tectonic movement along the JF is normal instead of reverse (Fig.  6A) . The extent of the fault trace is suggested to be more regional since it is also detectable at the backside, that is, on the NE-dipping slope of the mountain (Fig. 2) .
The pronounced low electric resistivity zones (<1000 Ωm) detected in the geoelectric resistivity profiles along the valley (Fig. 10 ) are interpreted to represent the prolongation of the fault. Following Rønning et al. (2014) , in this area a resistivity of <3000 Ωm can be interpreted as fractured rock, <500 Ωm as fractured clay-altered rock, and values >3000 Ωm as massive bedrock. With uncertainties, especially for the pronounced zone in P1, a dip direction similar to that of the observed fault can be inferred. However, fractured/altered rock could show a confusing pattern when talking about dip in those profiles. This can be partly explained by incomplete inversion and/or geology. For instance, different materials, such as fractured and deformed rock or colluvium or rock-avalanche deposits, and different water contents of these materials can mask the boundaries. Especially the opening of the fault zone towards depth along profile P3 may be an artificial effect, according to modelling by Reiser et al. (2009) , or the fault might be masked by surficial deposits. along the JF in an eastward direction. This would be similar to a flexural slip on bedding planes due to gravitational load in a syncline (Li et al., 2010) . However, in the present case the offset is not related to folding but to gravitational reactivation of the pre-existing fault that exhibits a shallow apparent dip in the movement direction. Although no E-directed displacement is observed on the entire slope in the InSAR data, the observed S-directed movement that is oblique to the wedge intersection (Fig. 7) can also result in such a positive relief step along the fault. Thereby, the rock mass is not pushed upwards to the east but towards the south, thus causing the offset that is therefore not reverse but oblique. This offset is largest along the southeastern boundary of the instability forming the geomorphological lineament that disappears towards the valley bottom (Figs. 2 & 4) . Its disappearance is related to increased possibilities for stress release, for instance due to changing slope aspect and in form of greater amounts of deformation in the lower slope section. Therefore, the observed geomorphological lineament is interpreted to be the surface expression of an 'apparent reverse fault' formed by gravitational reactivation of a pre-existing post-Caledonian fault set and hence of pseudotectonic origin.
Conclusions
The rock-slope instability of Middagstinden shows diagnostic characteristics of a DSGSD and exhibits features signifying exploitation of pre-existing tectonic structures. Based on the detailed investigations, the following main conclusions can be drawn.
(I) The DSGSD shows evidence of complex deformation mechanisms that are controlled by slope topography and five discontinuity sets including the metamorphic foliation, a fault-parallel set and two major and one minor joint sets. The fault set is proposed to be a pre-existing discontinuity set (e.g., joint set) that has been exploited as a weakness zone during collapse of the Caledonian oro geny. Quartz-feldspar remineralisation with lineation and break-offs indicate a normal fault process at great depth. The complex kinematics of the DSGSD consist of up to three main deformation mechanisms changing along the slope in type and degree: (1) planar sliding along the foliation in the uppermost part, (2) wedge sliding along the foliation and the fault set in the middle part, and (3) incremental internal deformation on multiple structures due to hindered planar and wedge sliding in the lower part. Alternatively, a two-stage process consisting of only mechanism 1 and 3 could also be possible. The deformation mechanisms on the slope can be linked to distinct geomorphological features which are distributed over various areas of the slope, such as large coherent slide blocks, up to 20 m deep counterscarps, small-scale superficial mass movements, and morphological slope bulging. The current mean displacements are about 8 mm/yr in the upper part of the main instabili ty and about 5 mm/yr in the lower part. In consideration of average displacement rates since Younger Dryas, they indicate a rather constant displacement rate. However, our understanding of long-term displacements requires further investigations such as surface-exposure dating of the sliding plane.
(II) The prominent geomorphological lineament at Middagstinden, previously described as the Berill Fault, requires reinterpretation. It is not the surface expression of a neotectonic reverse fault, but an example of pseudotectonics due to gravitational reactivation of the postCaledonian normal fault set as a weakness zone by the DSGSD. The complex deformation mechanisms with a displacement direction oblique to the fault set, together with varying slope orientations, have resulted in a positive offset along the fault set. The surface expression is a convex step in the topography running oblique to the slope along the southeastern boundary of the DSGSD that can be described as an 'apparent reverse fault' . This reinterpretation of the Berill Fault further requires new discussion of the triggering mechanisms for the cluster of large rock-slope failures in this region that are neotectonic.
